CATHODE RAY TUBE AND 
METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a cathode ray tube used for a 
computer monitor, a television receiver or the like, and the present invention 
relates particularly to a surface treatment technique thereof. 

10 2. Description of the Related Art 

Generally, with respect to a cathode ray tube, due to a thickness 
difference between the center and the periphery of the face portion for 
securing a vacuum pressure-resistant strength, or a phenomenon in which a 
width and a size or a film thickness condition of a phosphor stripe or a 

15 phosphor dot deteriorates as it approaches the periphery of the face portion, or 
also due to a color displacement of phosphors caused by the broadening of a 
deflection angle in the periphery of the face portion and so on, the face portion 
of the panel tends to have lower emission luminance in the periphery than in 
the center. 

20 As measures against this, a technique is known in which a colored 

layer is formed on an outer surface of the face portion with a high density in 
the central portion and a low density in the peripheral portion of the face 
portion so as to allow the emission luminance of the cathode ray tube 
(luminance in the case of displaying the entire screen of the cathode ray tube 

25 with a certain signal) to be equal over the entire area of the face portion. 

However, when the emission luminance is allowed to be equal over the 
entire area of the face portion by changing the density of the colored layer in 
this way, a darkness difference of the colored layer is increased between the 
center and the periphery of the face portion, so that a phenomenon is likely to 

30 occur in which the center is strangely darkened against the periphery, causing 
a contrast difference in images. 

In particular, with respect to a cathode ray tube having a face portion 
whose outer surface is flat, which has been growing in demand in recent years, 
the periphery and the center of the face portion are located on the same plane, 

35 so that such a darkness difference of colors between the center and the 
periphery will be more noticeable. 
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SUMMARY OF THE INVENTION 

The present invention is conceived in view of such a problem, and its 
object is to provide a cathode ray tube in which both the emission luminance 
and the distribution of contrast can be obtained most naturally over the entire 
5 face portion. 

To achieve the above object, a cathode ray tube of the present 
invention is a cathode ray tube including a panel provided with a colored layer 
on an outer surface of a face portion, wherein an emission luminance ratio is 
75% or higher in a lowest part relative to a highest part, and a diffuse 

10 reflectance ratio is 90% or higher in a lowest part relative to a highest part in 
an image display area of the face portion. 

Due to this configuration, a cathode ray tube with a natural 
appearance can be achieved from which a luminance difference or a contrast 
difference is not perceived over the entire area of the face portion. 

15 Furthermore, it is preferable in the cathode ray tube of the present 

invention that a light transmittance of the colored layer in a periphery of the 
face portion is the same as or larger than a light transmittance in a center. 

Due to this configuration, a darkness difference of colors between the 
center and the periphery of the face portion can be suppressed. 

20 In addition, it is preferable in the cathode ray tube of the present 

invention that the outer surface of the face portion is substantially flat and an 
inner surface thereof is curved, and that a light transmittance ratio of the 
colored layer is 100 to 120% in a peripheral portion on a minor axis of the face 
portion relative to a center. 

25 Due to this configuration, a darkness difference of colors between the 

center of the face portion and the periphery on the minor axis can be 
suppressed. 

Furthermore, a method for manufacturing a cathode ray tube of the 
present invention allows the colored layer to have a distribution of light 
30 transmittance by changing an application quantity of a coloring agent. 

Due to this configuration, the distribution of light transmittance in 
the colored layer can be changed easily. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 FIG. 1 is a distribution diagram of light transmittance ratios in a 

colored layer of a cathode ray tube according to an embodiment of the present 
invention. 
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FIG. 2 is a partial cross-sectional view of the cathode ray tube 
according to the embodiment of the present invention. 

FIG. 3 is a diagram showing axes in a face portion of a panel in the 
cathode ray tube according to the embodiment of the present invention. 

FIG. 4 is a distribution diagram of scanning speeds of a spray nozzle 
when applying a colored layer for the cathode ray tube according to the 
embodiment of the present invention. 

FIG. 5A, FIG. 5B and FIG. 5C are all graphs for comparing 
distributions of emission luminance ratios in the cathode ray tube according to 
the embodiment of the present invention with those in a conventional cathode 
ray tube. 

FIG. 6A, FIG. 6B and FIG. 6C are all graphs for comparing 
distributions of diffuse reflectance ratios in the cathode ray tube according to 
the embodiment of the present invention with those in the conventional 
cathode ray tube. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, an embodiment of the present invention will be described 
with reference to the drawings. 

FIG. 2 is a partial cross-sectional view of a cathode ray tube 1 
according to an embodiment of the present invention, in which the envelope is 
constructed of a panel 5 provided inside with tube parts such as a shadow 
mask 4 and a funnel 7 equipped with an electron gun (not shown) inside a 
neck portion 6. A phosphor screen 3 is formed on an inner surface of a face 
portion 2 of the panel 5. The outer surface of the face portion 2 in this 
cathode ray tube 1 is substantially flat, and the inner surface is curved. 

For the material of the panel 5, scarcely colored glass (an absorption 
coefficient k = 0.01290) is used. On the outer surface of the face portion 2 in 
this panel 5, there is a colored layer 8 formed by a black coloring material 
mainly composed of carbon black as the first layer, and on top thereof, a silica 
layer 9 is formed as the second layer. The process of forming these layers is 
as follows. 

First, the outer surface of the face portion 2 in the cathode ray tube 1 
is polished by using an abrasive agent such as cerium oxide to remove any 
attached stain. Next, this abrasive agent is washed out thoroughly, and the 
surface is in a clean state. Then, the panel 5 is inserted into a preheating 
furnace constructed of an infrared heater or the like to heat up the outer 
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surface of the panel. When the external temperature of the panel reaches 
about 60°C, by scanning a spray nozzle of a two fluid air atomizing type 
attached to a tip of a six-axial robot at an interval of a certain distance, a 
coloring agent of an alcoholic solution containing 1.0 weight percent of a solid 
5 mainly composed of carbon black is sprayed and applied from a nozzle, 
forming the colored layer 8 in the face portion 2. Here, when a metal 
particulate, a metal-oxide particulate, a pigment or the like is used as the 
coloring agent, the colored layer 8 that has excellent light resistance and heat 
resistance as well as less deterioration of the coloring effect can be formed. 

10 Next, as the second layer on top of this colored layer 8, the silica layer 

9 is formed by applying an alcoholic solution including ethyl silicate according 
to the spin coating method. The surface temperature of the panel at the time 
when the silica layer is applied is set to be about 40°C, and the panel is rotated 
at 70 revolutions per minute for 10 seconds when injecting the coating 

15 material and at 100 revolutions per minute for 90 seconds during equalization. 
Thereafter, the external temperature of the panel is maintained at 180°C to 
burn for 30 minutes, and the silica layer is hardened. 

Here, the colored layer featuring the present invention will be 
explained in detail. 

20 When forming the colored layer 8, in order to allow the cathode ray 

tube 1 not to have a big difference in the emission luminance depending on the 
place of the face portion 2, the density (application quantity) of the coloring 
agent simply may be reduced in the part where the light transmittance of the 
single panel or the emission rate of the phosphor screen 3 is low, compared to 

25 the part where they are high. At this time, however, it is necessary not to 
allow a big darkness difference of colors to appear between the parts where 
the density of the coloring agent is high and low. In particular, with respect 
to the cathode ray tube having a face portion whose outer surface is flat, due 
to the fact that the periphery and the center of the face portion are located on 

30 the same plane, the darkness difference of colors between the center and the 
periphery will be more noticeable, so that the colored layer needs to be applied 
by taking this fact into consideration. 

In the present embodiment, the colored layer 8 formed on the outer 
surface of the face portion 2 is formed by changing the light transmittance 

35 thereof stepwise, and the application is conducted such that the boundary 

lines showing the distribution of this light transmittance form an approximate 
Q letterform that protrudes toward the right and left peripheral sides in the 
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vicinity of the major axis 11 in the face portion 2 as shown in FIG. 1 (the 
numbers in the drawing show the light transmittance ratio (unit: %) in each 
area relative to the center). In addition, when a width on the major axis 11 of 
each area in the colored layer 8 divided by each boundary line is a, a width on 
5 the longer side of the face portion 2 is b, and a height of an area 13 is c, the 
dimensions of each area are a = 175 mm and c = 200 mm in the area 13, a = 75 
mm and b = 200 mm in an area 14, a = 75 mm and b = 50 mm in an area 15, 
and a = 63 mm and b = 100 mm in an area 16. Furthermore, an area 17 
denotes the entire image display area on the right and left outer sides of the 
10 area 16. 

The panel 5 of the cathode ray tube 1 according to the present 
«| embodiment is used for a television receiver with an aspect ratio of 16:9 and a 

ni diagonal screen size of 76cm, and the outer surface of the face portion 2 is flat, 

while the inner surface is curved. By defining a minor axis 10, a major axis 
n*i 15 11, and a diagonal axis 12 of the face portion as shown in FIG. 3 (the minor 
s_ axis 10, the major axis 11 and the diagonal axis 12 intersect at one point on 

!~! the tube axis), the panel 5 has a thickness of 13.5 mm in the center of the face 

M portion 2, 18 mm in the periphery of the minor axial direction, 22 mm in the 

jr periphery of the major axial direction, and 26 mm in the periphery of the 

£1 20 diagonal axial direction. In addition, in this case, with respect to the curve of 
the inner surface, the curvature on the minor axis is larger than the curvature 
on the major axis. 

Here, as shown in FIG. 1, the light transmittance ratio of the colored 
layer in the periphery of the direction of the minor axis 10 relative to the light 
25 transmittance of the colored layer in the center of the face portion 2 is 110%. 
When this light transmittance ratio in the periphery of the direction of the 
minor axis 10 is too high, the color darkness in the periphery of the minor 
axial direction is reduced too much with respect to the center. As a result, 
when watching the screen of the cathode ray tube, the impression that white 
30 images rise to the surface in the periphery of the minor axial direction is given, 
so that it is not desirable. The light transmittance ratio of the colored layer 
in the periphery of the direction of the minor axis 10 relative to the center of 
the face portion 2 preferably is determined in a range of 100% to 110% at most 
when scarcely colored glass is used for the panel material as in the present 
35 embodiment, or in a range of 100% to 120% at most when tinted glass that is 
slightly darker than the scarcely colored glass (an absorption coefficient k = 
0.04626) is used. 
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In order to make the coloring layer have such a distribution of light 
transmittance, the travelling speed of the spray nozzle at the time of applying 
the coloring agent was changed depending on each place in the present 
embodiment. FIG. 4 shows the speed distribution of the spray nozzle in each 
5 position of the face portion 2, when the colored layer having the distribution of 
light transmittance ratios as shown in FIG. 1 is formed. Here, the numbers 
in the drawing show the travelling speed of the spray nozzle within the 
respective areas 13 to 17, and the unit thereof is millimeter per second. By 
changing the speed in this way, the density (the application quantity) of the 

10 coloring agent can be changed easily, so that the desired distribution of light 
transmittance can be obtained in the colored layer. In addition, the spray 
nozzle used here sprays the coloring agent in a quantity of 3ml per minute 
under an air pressure of 0.4MPa and is positioned at a height of about 200 mm 
above the outer surface of the face portion. Furthermore, the scanning 

15 direction of the spray nozzle is indicated as an exemplary model by a scanning 
line 18 shown by broken lines in FIG. 4, and the distance of the scanning line 
18 in the direction of the minor axis 10 is determined to be 10 mm to 15 mm. 

In order to confirm the effect of the surface treated cathode ray tube in 
the present embodiment described above, comparative evaluations were 

20 conducted by using (1) a cathode ray tube in which the panel is not provided 
with a colored layer (denoted as "cathode ray tube A"), (2) a cathode ray tube 
with a colored layer formed on the panel that allows the emission luminance 
of the cathode ray tube to be substantially equal (denoted as "cathode ray tube 
B"), and (3) a cathode ray tube shown in the present embodiment (denoted as 

25 "cathode ray tube C"). 

FIG. 5Ato FIG. 5C show the distributions of the emission luminance 
ratios in the respective cathode ray tubes mentioned above. Furthermore, 
FIG. 6Ato FIG. 6C show the distributions of the diffuse reflectance ratios 
(defined in Part 7, ISO 9241) in the respective cathode ray tubes mentioned 

30 above. The respective ratios of the measured values on minor axis are shown 
in FIG. 5A and FIG. 6A, those on the major axis are shown in FIG. 5B and 
FIG. 6B, and those on the diagonal axis are shown in FIG. 5C and FIG. 6C 
respectively. Moreover, the curved lines A to C correspond to the respective 
cathode ray tubes A to C. 

35 With respect to the cathode ray tube A having no colored layer, the 

emission luminance is deteriorating from the central portion toward the 
periphery on all the axes, and due to its big difference, the images are 
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darkened markedly in the periphery. Furthermore, with respect to the 
cathode ray tube B provided with the colored layer that allows the emission 
luminance of the cathode ray tube to be substantially equal, although the 
emission luminance is substantially the same in the entire area of the face 
5 portion, the diffuse reflectance has a big difference between the center and the 
periphery. When the diffuse reflectance has such a big difference between 
the center and the periphery, the unevenness in the difference between 
lightness and darkness or in the contrast of colors will be noticeable in fact 
even by visual observation. On the contrary, the cathode ray tube C 

10 exhibiting the present embodiment has an emission luminance ratio of 80% or 
higher at minimum relative to the center and a diffuse reflectance ratio of 
95% at minimum relative to the center, which are levels at which the 
impression of evenness can be obtained sufficiently by visual observation, so 
that the difference in the luminance or the difference in the darkness and the 

15 contrast of colors is not perceived. 

As a specific optimum range, it is preferable that the emission 
luminance ratio of the cathode ray tube is 75% or higher in the lowest part 
relative to the highest part, and that the diffuse reflectance ratio is 90% or 
higher in the lowest part relative to the highest part. Due to this 

20 configuration, it is possible to achieve a cathode ray tube from which the 
impression of evenness in the emission luminance and the contrast can be 
obtained naturally in the entire area of the face portion. 

In addition, the present embodiment shows the colored layer in which 
the distribution of light transmittance changes stepwise (so-called digitally ) 

25 for each area, as shown in FIG. 1. However, it is not limited to this 
configuration, and a colored layer in which the distribution of fight 
transmittance changes gradually (so-called analogously) within each area of 
FIG. 1 may be used as well, and in this case, the aforementioned "boundary 
lines" will have the meaning of contour fines in a way. Furthermore, even 

30 with the colored layer in which the distribution of light transmittance changes 
stepwise for each area, the areas can be divided to be even narrower, so that 
the distribution of light transmittance can be regarded as a gradually 
changing distribution from a macroscopic viewpoint. 

Furthermore, the present embodiment was explained by referring to 

35 the example in which the curvature on the minor axis is larger than the 

curvature on the major axis in the inner surface of the face portion. However, 
it is not limited to this configuration, and a cathode ray tube having a face 
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portion, in which the curvature on the minor axis is larger than the curvature 
on the major axis, or the curvatures on both axes are substantially the same, 
may be used as well. Also in this case, the emission luminance and the 
diffuse reflectance ratio preferably satisfy the above-mentioned optimum 
5 ranges. In addition, also in this case, it is preferable that the light 

transmittance of the colored layer in the periphery is the same as or larger 
than that in the center. 

Furthermore, in order to change the light transmittance of the colored 
layer, the travelling speed of the spray nozzle was determined to change 

10 depending on the place of the face portion in the present embodiment, but as 
an alternative, there is a method for changing the light transmittance by 
changing the distance between the spray nozzle and the outer surface of the 
face portion, that is, the height of the nozzle depending on the place. Besides, 
the application quantity from the spray nozzle may be changed depending on 

15 to the place. 

In addition, two layers consisting of the first layer serving as the 
colored layer and the second layer serving as the silica layer to be hardened 
are formed on the outer surface of the face portion in the present embodiment, 
but it is not limited to this configuration. In the case where the strength of 

20 the layer can be maintained even with one layer of a colored layer, a single 
layer may be formed, or a plurality of colored layers may be formed. 

Furthermore, the layers were formed in the face portion after the 
cathode ray tube was obtained in the form of a completed globe in the present 
embodiment, but the cathode ray tube may be assembled after forming the 

25 layers in advance in the face portion of the panel before assembling. 

In addition, instead of applying the coloring agent directly to the face 
portion of the panel as in the present embodiment, the colored layer may be 
formed on a glass sheet by the technique used in the present embodiment, and 
this glass sheet may be glued on the face portion of the panel by using a resin 

30 etc. 

The invention may be embodied in other forms without departing from 
the spirit or essential characteristics thereof. The embodiments disclosed in 
this application are to be considered in all respects as illustrative and not 
limiting. The scope of the invention is indicated by the appended claims 
35 rather than by the foregoing description, and all changes which come within 
the meaning and range of equivalency of the claims are intended to be 
embraced therein. 



